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OPERATING EXPERIENCE WITH A 100-keV, 100-mA H= INJECTOR*

Paul Allison and Joseph D. Sherman, Af-2
Los Alamos National Laboratory, Los Alamus, NM 87545

ABSIRACT

According to heam dynamics caleulations il should be possible
to accelerate a high-perveance beam in a radio-"requency quadrupole
(RFQ) accelerator with low emittance growth and nearly 100% capture
efficiency. A 100-mA, 109-keV H~ ion injector with a b-Hz, 1-mu
duty factor was built for use with this arcelerator, Lut the beam
emittance at 100 keV was found to be two to four times the value
previously determined al 20 keV. This emittance growth was traced
to the 0-keV beam Lreansport, where an instabilily occurred in the
backgronnd plasma created by beam ionization ot the residuai yas.
The injector has heen rebuilt with a shorter transport  length,
roculting in greatly roduced emittance growth.

ORTGINAL THGIEE TNR

The first version of Lhe injector was intended Lo provide a
JhO-keV, 20-mA bheam for studies with a dreitt-Labe linac.,  Beam wan
oxtracted  from a Penning somce with a circular aperture!, fouused
with a a0, n - 0.6 ddipole magnet and with o quadrupole doubled
before veaching an emittance station in front of the columm, G0 cm
from the source (Fig. 1), With the vaccesstul Lest of an RIY ol
bos Afamos™ the  injector was moditiea Lo produce a 10G=-mA, 100-kueY
beam. A 10- hy O h-mm <11t was used as the beam emitber, the magnet
viae changed to o no o080 and Lhe column was shortened Lo provide o
highey qradient,.  The Y-axis is along Lhe jo-mm divection of the
sty Caleulations <till indicated favorable beam transport ) assum -
irg complete space-charge neabralization ol Lhe beam.

fmittances  were measured  with an electric=sweep scanmer, ' and
the vesultys quoted heve e s normalized valaes, as caloalated an
the comprd e analysis acceording e the formala®

b o

The tivat measmreement s showed That only about nalf ol the ow.
fracted curvent was tranmmitted to the acoelevat ing column entran e
(Figo 1) Uxpeciments wilh varions commonly available  gases, vang -
ing from hydvogen to xemom, showed That beam transaission could be
dvamatically incveased by tlosting the transport system with  xenon,
wiith lighler gases giving poorer vesaltor Mo ed Leansmias iones ot

AWore  wupported by the US Deplty of Detenaey Detense Advang ed
Rewearch Projectys Agency,  and Ballistic Mycanle Detense Advane ed
lechnology Cont o,
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Fig. 1. Layoul of original 2h0-keV, 20-mA injector,
moditicd for use at T00-kev, T00-mA operat ion,

Lhe 909 magqnet exit (FO90) and ot the

column  entrance (F21) are shown  in
Fig. 2 a4y a function of neon and of
xenon densitios,  Also shown are the
caleulated  coevents,  assuming  full
transmise<ion  from  extraction  excoepl
for stripping losses.  These resultbs
can be partially understood by compar-
g the stvipping tonges ab thee Gabn-
vitch  oritical  denvity®  tor the
vivions gases  (lable 1Y, At Tower
dengitiog a negative ion heam will bhe
undevrneutrvalized,  according to  hiw
theory, i seen that sthripping
Toses o Yight gases e sabadan-
tially higner than for boavy  gane,
Improved  beam teanamission then pye-
siably veanlts team a halanee hetween
thee heam's Aripping Toswes amd re-
duced etfective wpace charge, Much
mone Uroubleome was the emittance
qrowth,  Wheveas the emittance of the
hoam trom the 100 by O.%-mm it was
found  ta be 20,00 hy 0,00 (» cmemrad)
“0oem Treom the somvee, it wa, Lvpical-
ly 0,0/ by 0,00 at the emiltanee
Soanner b om trom Tne somece, An
intevesting  observat ion had been that
the emiltance sOanney curent s
(propm £ ional to the  phaespace
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Fig. ' Moasared and cal
culated  beam tranamission
from extvact ion to the w®
magnet exit (L) and the
codumn entrance (10 1)
vorsus densities o neon
and xenon gasen.,



TABLT 1

PRIPERTIES OF GASES FOR H- BEAM NEUTRALIZATION AT 20 kaV

Losses

Nan Man(-10+7-11)
Gas/amu (1n1?7cmd) (%/cm) c(10-10 en)
H:/? 23.6 2.17 b
tie /4 66.4 3.4 0,34
Ne/2G 16 0.88 0.7
No, R 2.38 0,31 A
TR 2.7 ARE 3.4
Ar /i) .7 0,7a a./
(NARIH 1.0" 0,32 hod
Xe/131.8 0.hAa 0.23 7.6
Ny © o gas density for exacl neutralization (Gavoviteh oritical

density)

= :’\I-‘%kli/ v My /Ryl e whoere
Ti = o Lemperature v 0.1 oV
Mi = mass of neatvalizing qas
2 heam radius - 1 e
Sioeress soction for jonization ot gas by BT don

dengitios), had much greater fluctuation than the beam corvent
itvelf, and that the amplitude of fluctuat ions was progressively
Pvegee Cartnee along the transporl toward the REGQ, Dehabbarrov” ha,
yeported bewn=plasma oscillations produced by an B beas with condi-
Cions simila Lo those i our ingector, and he showed Lhat osoa -
lationy in cuerent and in heam potential were damped at high argon
donsity in the transporlt line.  In accordance with Dehabbarav's
resulta, we cvamined the eftects of much higher density of xenon,
The PO-be¥ emilttance somner (Fige 1) was positioned in the
heam center, and the scanner curvent . proportional Lo d 7 /dads
anoa tunction of x'y wan vecorded for 50 heams pulaes for low and
tor high xenon density, The ealvacbed carvent (Lige 3a) did nnt
change signifacant by and Lad =100 lue tuat ioay however,  Lhe
phoer e space rotated aml Sheank at high density (Fige b)) The most
interesting change was o subsbantial veduc tion an the pulse-to-pulye
Pluctuations in the phase space density, (Fige ) We ftound that
the emittance decveased markedly in the two planes g a tunetion ol
onon dens ity (Fige 4). Ixceasive streipping losses with high xenon
density made this method of emittance control anmaceeptable. Tt may
also he that the heam plasana cannot adjus U tast enoughe 1o brack the
variations in current,  We calculated that it the etoedt ive current
varied by 3P wmA aboul  2evo, then thee resalting phase space
orientalion., averaged in time, would account fov the obherved emit -
tance gqrowth. The neatralizatvon time constant varied from abont
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Fig, 3. (a) Wavelorm of extreacted current, (b)) phase-space contour
plot in X-plane,  (¢) phase-space densily  variation for b0 consecy -
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2 us at 4 x 1012/cm3 with xenon to about 30 us with only residual
hydrogen--about the right range for this effect because the cbserved
beam fluctuations are mostly below 1 MHz. Considerations’ of the
likely beam-plasma densities, however, suggest that there will be
adequate electrons present to accomnodate the oscillations. The
cause of the emittance growth is therefore unclear from our measure-
ments: however, a solution to the problem seemed clear: reduce thc
lengtih of the beam-transport line.

REVISED INJECTOR

The primary objective of rebuilding the injector was to shorten
the ?0-keV transport as much as possible. With a shortened trans-
port line, a high density of xenon does not lead to excessive beain
stripping. We believed that direct extraction at 100 kev was not
desirabiv for our slit emitter source, so a new 20-keV source was
hbuilt, using samarium-cobalt permanent magnets, In the contigura-
tion chosen (Fig. %), the physical length of tne magnet structure
extends only 365 mm from the emission slit, and the bend angle at
2v-koV enorgy is 8,19, This allows refocusing o further accelerat-
ing with a minimum of drift, and the sccond-order aberrations of the
magnet are negligible,  The effect of energy dispersion is greally
roduced, and it is possible to measure beam emittance much closer
to extraction than before.

The source performance was  investigated on a separate test
stand at 20-keV oxtraction encrgy 92 mm from the emission slit,

ahout twice the length of Lhe

-~ EXTAACTON | 10 soonct sosman Y injector '{."TkLI‘V l:l‘AIlfi-

. '3; o] = —ADar port, so instabitities in Lthe

-/ by T LI neutralizing gas  presumably

(At acmon 0 ) o would be more severe than on

|- 1 " the  injector, Within the

o Uha oseatter of our measure -

i wonl /. - meals,  Lhere was o et et
aounri ' .

L coonaw onoemitlance of xenon densily

& Y, gy from 0-6 x {01 7emd. There

! et -‘Ii.-n'-.i commpvan Was oA definite celtect on the

: ool phase-space orienldation, how -

- |u_ { ? _ over, indicating  that  the

e <h boam in qenerally  wndiee -

I/L, ; ::::m" [N L nentralized with only residu-

+ CATHRM .h" PIRMANI NY MAGNI | al et The  emittam e al
' 1IN0 mA i 0,070 cmemeand in

_r WON
. " _ . the Y-plane by  less Lhan
e O L MI\ b W 0,004 in the X-plane.  Ovem
4x R b 180-mA  current  has beon
" oxtvacted, ami the noise in
. em a  1-Mily bandwidth  has been
o w as low  as % (Lig. oa).
The phave-apace densities in
Fig. b Schenalic ot amall angle the two planes near Lhe bean
sonree (BAN). center Fine are aluwo shown
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(Fig., 6b and bc).  In Lhe nareow and  diverging place, Ax'ppge, = 120
mad i< Lypical.  In the large plane, the beam iy nearly parallel
(with a size aboul equal to the slit width) so that the angular
spread ab the seanner is close Lo thalt at the plasma.  The value
AY 'y, - B3 mrad Lhen can be used to calealate for the 17 jons that
kTegg = 3 oV from k| = ?u:-(.“._v',-m.__)f’, where 4 iy the beam voltage.
The small peaks in the y' distribution (Fig. o¢) are trom ions com-
ing trom the ends of the 10-mm s1it; thus, the width of the main
poak i seen Lo be gnatfectod by end effocts,

the ariginal accelerating column was replaced with a shorler
system. Favorable vesults trom optical calculations and the desire
Lo minimize emittance growth in the 20-keV transport in the column
lod us to couple Lhe wource as closely as possible to the column.
A olectiron supprossos eolectrade at the entrance iy followed by Lhe
aceolevat ing qap (Lig. /7). Beam current, as mevared ot the Taraloy
cup At cm trom the source, i abeat as expected. AL the design are
current. of 200 A, we measuved over 14O mA ot curvent ot 190-keV
oneyy.

AL an are curcent of 1o Ay a substantial sel of 1O0-keV emil-
tance measurement s were made. tmittance wis found 1o increase with
clectron suppressor voltage in approximat e agreement with emittance-
poowth cateulations,  made with Che SNOW® code. Corrent Lransmitled
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Fig. 7. Layout of the revised 100-keV injector.

Lo the Faraday cap increased by 201004 whon xenon was used in the
beamline at a density of ~1017emd:; howover, emittance in both
planes  grew by 20-90%, probably because of the change in the first-
order transnort optics, as observed b substantial rotations of the
X- and Y-plane emittances.  This change has evidently led to in-
creased Ehivd-order aberrations in tho column.  The Y-plane emit-
tanee was about equal to the 20-keV measurement, bul the X-plane
value was  substantially  larger, never being  less  than 0,019
mocmemrad. With zovo xenon density, we measured emitlances of 0,021
bty 0,023 (= cmemead) in the Yo and Y-planes having o measured cur-
rent of sliahtly over 100 mA,

CONCLUSTON

A Penning source with g small bend angle has been used Lo
produce o 100-keV heam ot high brightness.  The  nature ot heam-
Lransport instabilities leading to deneutvalization and emittan e
qrowth is not tully understood and iy under taether invesbigat ion.
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